The creation of highly effective heterophase polymer supports used to immobilise different biologically active substances is an extremely important problem in the chemistry and technology of high molecular weight compounds.
In spite of the fairly large range of supports now known, for the production of which use is made of both natural and synthetic high molecular weight compounds, the problem of the development of supports meeting all the requirements laid down remains unresolved.
Thus, among the most common shortcomings of known polymer supports, including those produced by industry, it is possible, in particular, to cite the need for additional activation using, as a rule, highly toxic, unstable, scarce activating agents (glutaric aldehyde, cyanogen bromide, carbodiimides, etc.), and, with the immobilisation of high molecular weight ligands, steric inaccessibility of the functional groups positioned in the mass of the support also takes effect [1] .
All this dictates that the task be formulated of developing new types of polymer support free of the given shortcomings.
To develop supports of this kind, use was made of a method for synthesising superporous polymer hydrogels produced by synthesising crosslinked polymers under cryoconditions. In this case, the heterophase of the frozen solvent forms large pores of the system, and a crosslinked polymer is formed in the intercrystalline space. The large pores formed after unfreezing of the system, measuring tens and hundreds of micrometres, determine the absorption by the system of substances of different molecular weight [2] :
Earlier, epoxy-containing porous gels were produced on the basis of copolymers of acrylamide and N,N′-methylenebisacrylamide (MBAA) [3] . The present investigation was conducted on cryogels based on crosslinked copolymers of 2-hydroxyethyl methacrylate (HEM) with unsaturated monomers containing an epoxy groupglycidyl methacrylate (GMA) and allylglycidyl ester (AGE).
The epoxy groups introduced into the polymer in this case require no additional activation and ensure the interaction of the support with amine-containing ligands, for example proteins, under mild conditions [1, 4] .
EXPERIMENTAL
Copolymerisation was carried out in thin-walled glass test tubes. Precise amounts of monomers were dissolved in distilled water. The solution was cooled. Then, an initiating system was added and the solution was placed in a cryostat (MK-70, MLW) where the required temperature was held with an accuracy of ±0.5 K.
At the end of the reaction, specimens were unfrozen at room temperature and thoroughly washed successively with distilled water, acetone, and again with water, in all cases removing the liquid by filtration.
The gels produced were dried in vacuum (at a temperature no higher than +35˚C) to constant weight. The copolymer yield was determined. The composition was determined by potentiometric titration.
RESULTS
The changes that the physicochemical properties and reactivity of the interacting compounds undergo when they are frozen in most cases cannot be predicted or determined by extrapolation of the characteristics of the system determined at elevated and room temperatures. To establish the conditions for synthesising copolymers with the necessary content of reactive units and the prescribed physicochemical characteristics, an investigation was made of the influence on the yield and composition of the copolymers produced of temperature and time factors, overall comonomer concentration, initiator concentration, and the comonomer ratio in the initial blend. Figure 1 shows the dependence of the gel yield on the amount of initiator. Figures 2 and 3 give curves of the change in conversions as a function of time for reactions carried out at different initiator concentrations.
As can be seen, in all cases the reaction is actually completed within 4-5 h, and with increase in the amount of initiator the reaction is complete within only 2 h.
Carrying out the process at relatively low initiator concentrations (up to 1 wt.%) leads to product formation in low yield. This is probably due to the insignificant content of free radicals in the system. With increase in the initiator concentration, a considerable number of free radicals arise in the system, initiating the nucleation of macromolecules immediately at many active centres, which leads to a considerable increase in the rate of the reaction (Figures 2 and 3) . However, when the initiator concentration exceeds 1.75 wt.%, chain rupture begins owing to the large number of reactive centres, both with the participation of macroradicals and through their reaction with initiator radicals.
Moreover, when the initiator concentration exceeds 1 wt.%, the product yield increases monotonically, whereas the properties of the gel deteriorate slightly on account of the partial formation of isotropic gel. The latter is probably due to the fact that, owing to the large number of reactive centres, some of the copolymer was formed before ice crystals were completely formed.
Since polymer formation in aqueous frozen systems proceeds in solution in intercrystalline space, it was necessary to establish the influence of the monomer concentration on the product yield.
The dependence of the copolymer yield on the overall comonomer concentration is presented in Figure 4 , while curves of the dependence of conversion on time, obtained for reactions carried out at different comonomer concentrations in solution, are given in Figures 5 and 6.
As can be seen, with increase in the overall comonomer concentration, both for a system with glycidyl methacrylate and for a system with allylglycidyl ester, the limiting copolymer yield and the copolymer formation rate increase.
During the copolymerisation of monomers in the region of positive temperatures in the case of low comonomer concentrations in solution, a very important role in the process belongs to reactions of chain transfer to the solvent and chain rupture by recombination of primary radicals. When the system is frozen, concentration of the reactants in liquid inclusions present in the solid frozen solvent occurs. In a system with a high concentration of reactants, increase in the viscosity of the reaction medium occurs, connected with polymer formation. As a result, the rate of chain rupture by the recombination of macroradicals, determined by diffuse factors, slows down considerably, whereas the growth rate of polyradicals remains fairly high. It is evidently for this reason that the gel formation rate and yield increase.
In order to determine the optimum synthesis temperature, reactions of cryogel formation were carried out under different conditions.
Figures 7 and 8 present the dependences of the yield and composition of copolymers on the polymerisation temperature with a quantity of epoxy-containing monomer of 15 mol.%.
From the temperature dependence of the copolymer yield it can be seen that a reduction in temperature from the range 0 to -7˚C, when the system remains liquid during the process, to the range -10 to -15˚C, when the reaction mixture is in the solid state, leads to an appreciable increase in the copolymer yield. With a further reduction in temperature, the product yield is lowered.
In all likelihood, the observed effect may be due to the complex nature of the contributions of different physicochemical processes determining the occurrence of copolymerisation.
Thus, freezing of the system leads to a considerable increase in the effective concentration of reactants [5] [6] [7] . As a result, in the intercrystalline space, the interacting components turn out to be spatially drawn together, and thus one of the important conditions for occurrence of the reaction is fulfilled.
Besides this, the physicochemical properties of water change considerably with reduction in temperature [8] . Acceleration of the reaction may be due both to increase in the polarity of the medium in the liquid microphase and to increase on account of this in the rate of the reaction. It is known that the dielectric permittivity of water increases linearly with reduction in temperature as a function of inverse temperature [9, 10] . With reduction in temperature, there is also an increase in the viscosity of water by several orders of magnitude [10, 11] .
The existence of the above factors leads to a situation where a particularly great effect of acceleration of the reaction is achieved in the frozen solutions, on account of which the product yield increases and reaches a maximum value at a temperature ranging from -10 to -15˚C.
With further reduction in temperature, kinetic factors probably begin to have a predominant effect, telling in a reduction in the rate of the reaction with reduction in temperature in accordance with the Arrhenius equation. Moreover, further increase in viscosity may inhibit diffusion of the reactants and thereby affect the rate of the reaction. Account must be taken of the fact that, with lowering of the temperature, the generation of free radicals (decomposition of potassium persulphate) possibly also slows down, and the relative share of rupture processes increases.
Of great interest were the dependences on the reaction temperature of the compositions of the comonomers formed. As can be seen from Figures 7 and 8 , when the It can be assumed that the overall influence of the above factors leads to an increase in the activity of the less active monomer in the given temperature range. With a further reduction in temperature, in view of the decrease in the rate of all the elementary stages of the process, the product conversion and the content in the product of the less active monomer decrease.
A study of the dependence of the composition of the copolymer on the monomer ratio in the initial monomer blend showed that the copolymer HEM-MBAA-AGE is rich in hydroxyethyl methacrylate units for any monomer ratio, and here the amount of allyl monomer entering the composition of the forming copolymer decreases with increase in the mole fraction of AGE in the initial monomer blend (Figure 12) .
When glycidyl methacrylate acted as the epoxy-containing monomer, the copolymer was rich in its units (Figure 13) .
A study of the dependence of the copolymer yield on the amount of crosslinking agent in the blend showed that change in the mole fraction of N,N′-methylene-bisacrylamide actually has no effect on the copolymer yield, either for the system with glycidyl methacrylate or for the system with allylglycidyl ester (Figure 14) .
Thus, in the present work, conditions have been established that make it possible to produce porous epoxy-containing cryogels of crosslinked (2-hydroxyethyl) methacrylate in high yield and with a high content of epoxy groups. 
